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SIMULATING VISUAL FIELD TEST FROM
STRUCTURAL SCANS

BACKGROUND

The present invention generally relates to a computer-
based modeling system, and more specifically, to simulating
visual field test results from structural scans.

Slow-progressing eye diseases, such as glaucoma,
requires long term monitoring of 1ts progression. The current
strategy for treating or managing the progression of these
diseases requires both structural and functional assessments
of the eye. A structural assessment 1s performed generally
using 1imaging techniques, such as optical coherence tomog-
raphy (OCT). A functional assessment 1s performed with
visual field testing.

SUMMARY

Embodiments of the present invention are directed to the
generation of a standard suite of visual function test results
from eye 1imaging tests. A non-limiting example computer-
implemented method for simulating visual field test results
from structural scans includes processing eye 1mage data to
extract visual functioming related features. Additionally,
generating a representation of a visual function of the eye
that 1s independent of a visual field test (VFT) configuration.
Then generating a simulated VFT configuration specific test
result based at least in part on the representation.

Other embodiments of the present invention implement
teatures of the above-described method 1n computer systems
and computer program products.

Additional techmical features and benefits are realized
through the techniques of the present mvention. Embodi-
ments and aspects of the invention are described 1n detail
herein and are considered a part of the claimed subject
matter. For a better understanding, refer to the detailed
description and to the drawings.

BRIEF DESCRIPTION OF TH.

L1l

DRAWINGS

The specifics of the exclusive rights described herein are
particularly pointed out and distinctly claimed in the claims
at the conclusion of the specification. The foregoing and
other features and advantages of the embodiments of the
invention are apparent from the following detailed descrip-
tion taken in conjunction with the accompanying drawings
in which:

FIG. 1 illustrates a block diagram of components of a
system for simulating a visual field test result in accordance
with one or more embodiments of the present invention;

FI1G. 2 illustrates a flow diagram of a process for training,
a system for simulating a visual field test result in accor-
dance with one or more embodiments of the present inven-
tion;

FIG. 3 1llustrates a flow diagram of a process for simu-
lating a visual field test result 1n accordance with one or
more embodiments of the present invention;

FIG. 4 depicts a cloud computing environment according
to one or more embodiments of the present invention;

FIG. 5 depicts abstraction model layers according to one
or more embodiments of the present invention; and

FIG. 6 depicts a block diagram of a computer system for
use 1n implementing one or more embodiments of the
present mvention.

The diagrams depicted herein are illustrative. There can
be many vaniations to the diagrams or the operations
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described therein without departing from the spirit of the
invention. For instance, the actions can be performed 1n a

differing order or actions can be added, deleted or modified.
Also, the term “coupled” and vanations thereof describes
having a communications path between two elements and
does not imply a direct connection between the elements
with no intervening elements/connections between them. All
of these variations are considered a part of the specification.

DETAILED DESCRIPTION

One or more embodiments of the present invention pro-
vide systems and methods that use a patient’s current and
prior eye 1imaging results to simulate visual field test results
as 11 the visual field tests were respectively administered at
the time of each 1maging test.

During a patient visit for treatment of a progressive eye
disease such as glaucoma, a clinician will typically perform
eye 1maging tests and visual field tests to determine a current
state of an eye. An eye i1maging test 1s a non-invasive
imaging technique that uses electromagnetic waves to cap-
ture two-dimensional and/or three-dimensional 1mages of a
patient’s eye. Examples of eye mmaging include optical
coherence tomography (OCT), confocal scanning laser oph-
thalmoscopy (CSLO), and scanning laser polarimetry (SLP).
A visual field test 1s a method of measuring a patient’s
central and peripheral visual field tunction. The visual field
test (VEF'T) can be done using a visual field test instrument
that has a display screen. The eye not being tested 1s covered,
and an exact lens correction can be placed 1n front of the
tested eye to improve overall test results. The patient looks
into a hemispherical screen, and the VFT istrument dis-
plays visual stimuli briefly on the screen 1n different places
in the field of view. The saliency (e.g., contrast or lumi-
nance) of the stimuli 1s manipulated during the test. The
patient 1s instructed to keep looking in the center of the
screen and press a button to indicate when the stimuli are
detected. The instrument being set to record when the button
1s pressed, and uses the information to estimate the patient’s
sensitivity to visual stimulus at different locations of the
visual field. The results are typically displayed as visual field
maps, which can be used by the clinician to detect loss of
sensitivity 1n the visual field.

There are many types of VFTs, including Amsler grid,
static automated perimetry tests, kinetic perimetry tests, and
a frequency doubling perimetry tests. In addition to different
types of visual field tests, different types of VF'T mnstruments
are used to perform different visual field tests. Furthermore,
cach clinician uses their VFT instrument’s settings to their
own preference. Additionally, the accuracy visual field test
results are heavily dependent on variables that are hard to
control. For example, visual field test results depend on the
patient’s ability to understand the testing instructions, fully
cooperate, and complete the entire visual field test in order
for the test to generate accurate results. The interpretation of
the results can be influenced by many non-ocular factors
such as a clinician’s tendencies, equipment failure, or mis-
interpretation of data.

Periodically, patients or clinicians move, patients or cli-
nicians change insurance, or something else occurs to cause
a patient to require a new clinician. As a result, patients are
not always paired with the same clinician throughout the
entire time they are being evaluated for progressive eye
disease. Fach new clinician who treats the patient may
perform the visual field tests diflerently, such as by using
different VFT instruments, or by using the same VFT
instrument at different settings. As a result, the visual field
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test results between the current and previous clinicians are
not directly comparable to each other, making tracking eye
disease progression across clinics diflicult. Additionally,
some patients may be unable to perform visual field tests.
For example, children and the elderly may not be able to
comply with a climician’s instructions or properly interface
with the VFT instrument.

One or more embodiments of the present invention
address one or more of the above-described shortcomings by
providing computer systems, computer-implemented meth-
ods, and computer program products configured and
arranged to generate simulated visual field test results, based
on eye 1imaging, that overcome the problems associated with
the unreliability of visual field tests, and VFT instrument
variability. In some embodiments of the invention, a com-
puter system 1s configured to receive a previously taken
image ol a patient’s eye and generate a simulated result of
a selected type of VET as 1f it had been performed at the time
the 1image was taken using the selected type of VFT 1nstru-
ment. The selected type of simulated VFT result 1s generated
by processing the image via a structure-to-function estimator
that has been tramned to perform the task of extracting
teatures that are relevant to visual function in a manner that
1s not dependent on the specific VFT (or VFT 1nstrument).
The extracted features are then processed by a second
machine learning model that has been trained to perform the
task of simulating a result of the selected type of VFT that
would have been achieved using the selected type of VFT
instrument.

In an example implementation of embodiments of the
invention, patient A has been monitored annually over for
progressive eye disease and 1s now under the care of a new
climcian. Patient A’s medical file includes three previous
annual OCT results, and three previous annual visual field
test results, wherein the three previous annual visual field
test results were obtained by a type-A VFT instrument.
However, when conducting visual field tests on a patient
having the general symptoms of patient A, the new clinician
has consistently used a type-B VFT mstrument. Visual field
test results obtained using a type-B VFT instrument are not
directly comparable with visual field test results obtained
using a type-A VFT instrument. To overcome the visual field
test result variation that would result from using different
types of VFT mstruments, the herein described system 1s
trained to learn structure-to-function relationship 1 an
instrument independent way. Therefore, the system can
overcome the visual field test result variations that would
result from using two diflerent types of VFT instruments, by
simulating the patient’s visual field test using the three
previous annual OCT results to generate three simulated
visual field test results. The generated visual test results are
as 1f they were obtained by a type-B VFT instrument.

In another example implementation of embodiments of
the invention, a clinician may have a patient that cannot
comply with the requirements of a visual field test. In this
instance, the clinician may take an 1image of the patient’s eye
and use embodiments of the invention to generate a simu-
lated result of a selected type of visual field test using a
selected type of VFT instrument having a selected suite of
settings, thereby avoiding the inaccuracies that would be
introduced into the visual field test results by the patient’s
inability to comply with the requirements of the visual field
test.

Turning now to FIG. 1, a system 100 for visual field test
simulation 1s generally shown in accordance with one or
more embodiments of the present invention. The system 100
includes a structure-to-function estimator 102 that receives
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an 1mage of an eye as an input and outputs a representation
(1.e., a vector) of visual functions in a way that 1s indepen-
dent of the VFT 1nstrument configuration used to conduct
visual field tests. The structure-to-function estimator 102 1s
in operable communication with a set of decoders 104 106.
Each decoder corresponds to respective VFT instrument
configuration. A VFT configuration may be based on a VFT,
a VFT device, a VFT device configuration, and/or a VFT
performed on a VFT device. A clinician 1s permitted to select
a preferred configuration and the system 100 selects the
correct decoder, which translates the representation nto a
human readable report. It 1s to be appreciated that although
FIG. 1 1illustrates a first decoder 104 and a second decoder
106, the system 100 includes a library of decoders, and
therefore the system may include any number of decoders
greater than one.

In general, the system 100 1s operable to receive imaging
test results 108 via a communication network 110 and
generate a visual field test report 112 114. The imaging test
results 106 include two-dimensional and/or three-dimen-
sional 1mage(s) that provide detail about tissue density and
location of abnormalities of a patient’s eye. The imaging test
results 106 are transmitted to the system 100 and the
structure-to-function estimator 102 via a communication
network 110. The communication network 110 can include
the internet, fiber optics, microwave, xDSL (Digital Sub-
scriber Line), Wireless Local Area Network (WLAN) tech-
nology, wireless cellular technology, Bluetooth technology
and/or any other appropriate communication technology.

The structure-to-function estimator 102 executes a com-
putational model that takes the imaging test results 106 as an
input and outputs a representation of a visual function that
1s independent of any VF'T configuration. The representation
generated by the structure-to-function estimator 102 1s
abstract. Theretore, the decoder 104 106 1s used to translate
the representation into a human readable format displayed
on a clinician’s computing system.

The structure-to-function estimator 102 receives or has
received a preferred configuration of a VFT mstrument from
a clinician. Based on the preferred configuration, the system
100 selects a decoder 104 106. The decoder 104 106
executes a computational model that translates the repre-
sentation generated by the structure-to-function estimator
102 and generates a simulated visual field test result report
112 114. The decoder 104 106 i1s configured to generate a
visual field test report 112 114 1n a format that 1s similar to
a visual field test report used by the clinician. In some
embodiments of the invention, the decoder 104 106 can be
in operable communication with a device software, includ-
ing a third party device software, used by the clinician. Once
the decoder 104 106 receives the representation from the
structure-to-function estimator 102, 1t can interface with the
device software and provide the simulated visual field test
report 112 114 1n a substantially similar format as the device
soltware would provide an actual field test result.

The structure-to-function estimator 102 and the decoder
104 106 can include a neural network such as a fully
connected deep network (FC), a convolutional neural net-
work (CNN), and a recurrent neural network (RNN). In an
exemplary embodiment of the ivention, the structure-to-
function estimator 102 includes a CNN. The structure-to-
function estimator 102 passes the 1maging test results 106
through a hierarchical set of learned filters to extract infor-
mation relevant to visual field function from the image. The
structure-to-function estimator 102 takes the extracted fea-
tures and generates a set of feature maps. The resolution of
the feature maps 1s reduced though a pooling process (e.g.,
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max pooling). The pooling process allows the structure-to-
function estimator 102 to focus on the part of the 1mage that
provides the most information regarding a particular feature.

The structure-to-function estimator 102 and decoder 104
106 1s trained to generate simulated visual field test result
reports 112 114. The structure-to-function estimator 102 1s
paired with different decoders 104 106 to generate respec-
tive simulated visual field test result reports 112 114. Each
structure-to-function estimator/decoder pair employ respec-
tive models that are trained to generate simulated visual field
test results based on a VFT 1nstrument configuration.

Training computational models such as the structure-to-
function estimator 102 and decoders 104 106 with machine
learning algorithms typically require large datasets. There-
fore, synthetic data may be generated to increase the size of
any training dataset. A dataset may include pasts 1imaging
test results and wvisual field test results from multiple
patients. In some embodiments, the visual field test results
are from visual field tests conducted within a threshold time
of an i1maging test. Therefore, the training imaging test
results are paired with visual field test results performed
within the threshold time of the respective imaging test
results.

The system’s ability to generate a representation indepen-
dent of any VFT configuration, and use that representation
to generate a VE'T configuration specific VFT report 1s based
on the method of training the system 100. The training data
consists of pairs of 1maging test results and VFT results,
where the VFT results were obtained with different VEFT
configurations. The training of the system 100 1s accom-
plished by training pairs of the structure-to-function estima-
tor 102 and the appropriate decoder together. Since the
structure-to-function estimator 102 i1s shared among all
decoders 104 106, the output of the structure-to-function
estimator 102 1s forced to become VF'T configuration inde-
pendent, given enough data.

Synthetic data may be created using augmentation tech-
niques that are used to create multiple alterations of the
datasets. For example, a received set images may be altered
to generating a mirror image, rotating an 1mage, cropping an
image, scaling an image, or other alteration. The altered
images are, 1n turn, appended to the original data set to
create a larger dataset. The synthetic data may be generated
using such as geometric transformations, kernel filters, mix-
ing 1mages, random erasing, feature space augmentation,
adversarial training, generative adversarial network (GAN),
neural style transfer, and meta-learming.

The structure-to-function estimator/decoder pair models
are also trained using ground truth data (1.e., visual field test
results). During training, the parameters of the structure-to-
function estimator 102 are adjusted based on the ground
truth data to minimize the errors between the simulated
visual field test results outputted by a decoder 104 106 and
actual visual field test results.

The phrases “neural network” and “machine learning”
describes a function of electronic systems that learn from
data. A machine learning system, engine, or module can
include a machine learning algorithm, such as 1n an external
cloud environment (e.g., the cloud computing environment
50 shown 1n FIG. 4), to learn relationships between inputs
and outputs that are currently unknown. In one or more
embodiments, machine learning functionality can be imple-
mented using a structure-to-function estimator 102 having,
the capability to be trained to perform a currently unknown
function. In machine learning and cognitive science, neural
networks are a family of statistical learning models mnspired
by the biological neural networks of animals, and 1n par-
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ticular, the brain. Neural networks can be used to estimate or
approximate systems and functions that depend on a large
number of inputs.

The structure-to-function estimator 102 and the first and
second decoders 104 106 may be embodied as so-called
“neuromorphic” systems of interconnected processor ele-
ments that act as simulated “neurons™ and exchange “mes-
sages” between each other 1n the form of electronic signals.
Similar to the so-called “plasticity” of synaptic neurotrans-

mitter connections that carry messages between biological
neurons, the connections in the structure-to-function esti-
mator 102 and the first and second decoders 104 106 carry
clectronic messages between simulated neurons are pro-
vided with numeric weights that correspond to the strength
or weakness of a given connection. The weights can be
adjusted and tuned based on experience, making the first
structure-to-function estimator 102 and the first and second
decoders 104 106 adaptive to inputs and capable of learning.
After being weighted and transformed by a function deter-
mined by the network’s designer, the activation of these
input neurons are then passed to other downstream neurons,
which are often referred to as “hidden” neurons. This
process 1s repeated until an output neuron 1s activated. Thus,
the output neuron 1s activated and determines (or “learns™)
which message was read. Multiple pre-neurons and post-
neurons can be connected through an array of RSD, which
naturally expresses a fully-connected neural network. In the
descriptions here, any functionality ascribed to the system
400 can be implemented using the processing system 600
applies.

Referring to FIG. 2, a flow diagram 200 illustrating a
process for training a system for simulating a visual field test
result, in accordance with one or more embodiments of the
present invention 1s shown. At block 202, the system
receives a training set of datasets, including combinations of
imaging test results and visual field test results for training
different models. The datasets include 1maging test results
and visual field test results that were obtained using different
VFE'T instrument configurations. VFT instrument configura-
tions may differ based on a VFT, a VFT mnstrument, and a
VF'T instrument setting configuration. At block 204, the data
sets are segregated based on a VFT mstrument configura-
tion. At block 206, for each VFT instrument configuration,
the structure-to-function estimator and the respective
decoder 1s trained based on a respective VFT instrument
coniiguration.

Referring to FIG. 3, a flow diagram 300 illustrating a
process for simulating a visual field test result in accordance
with one or more embodiments of the present invention 1s
shown. At block 302, a system receives at least one 1image
of a patient’s eye obtained from an 1maging test. The image
may have been obtained from a previous clinician of the
patient or 1t may have been previously obtained by the
patient’s current clinician. At block 304, the system pro-
cesses the eye 1mage(s) to extract features related to the
patent’s visual functioning. At block 306, the system gen-
crates a representation of the patient visual functioning. The
representation 1s mdependent of any VFT instrument con-
figuration. At block 308, the clinician selects a preferred
VFE'T configuration system generates simulated visual field
test results for displaying on a clinician’s computing system.

It 1s to be understood that although this disclosure
includes a detailed description on cloud computing, 1imple-
mentation of the teachings recited herein are not limited to
a cloud computing environment. Rather, embodiments of the
present invention are capable of being implemented in
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conjunction with any other type of computing environment
now known or later developed.

Cloud computing 1s a model of service delivery for
enabling convenient, on-demand network access to a shared
pool of configurable computing resources (e.g., networks,
network bandwidth, servers, processing, memory, storage,
applications, virtual machines, and services) that can be
rapidly provisioned and released with minimal management
ellort or interaction with a provider of the service. This cloud
model may include at least five characteristics, at least three
service models, and at least four deployment models.

Characteristics are as follows:

On-demand seli-service: a cloud consumer can unilater-
ally provision computing capabilities, such as server time
and network storage, as needed automatically without
requiring human interaction with the service’s provider.

Broad network access: capabilities are available over a
network and accessed through standard mechanisms that
promote use by heterogeneous thin or thick client platforms
(e.g., mobile phones, laptops, and PDAs).

Resource pooling: the provider’s computing resources are
pooled to serve multiple consumers using a multi-tenant
model, with different physical and virtual resources dynami-
cally assigned and reassigned according to demand. There 1s
a sense ol location independence in that the consumer
generally has no control or knowledge over the exact
location of the provided resources but may be able to specity
location at a higher level of abstraction (e.g., country, state,
or datacenter).

Rapid elasticity: capabilities can be rapidly and elastically
provisioned, in some cases automatically, to quickly scale
out and rapidly released to quickly scale 1n. To the consumer,
the capabilities available for provisioning oiten appear to be
unlimited and can be purchased 1n any quantity at any time.

Measured service: cloud systems automatically control
and optimize resource use by leveraging a metering capa-
bility at some level of abstraction appropriate to the type of
service (e.g., storage, processing, bandwidth, and active user
accounts). Resource usage can be monitored, controlled, and
reported, providing transparency for both the provider and
consumer of the utilized service.

Service Models are as follows:

Software as a Service (SaaS): the capability provided to
the consumer 1s to use the provider’s applications running on
a cloud infrastructure. The applications are accessible from
various client devices through a thin client interface such as
a web browser (e.g., web-based e-mail). The consumer does
not manage or control the underlying cloud infrastructure
including network, servers, operating systems, storage, or
even individual application capabilities, with the possible
exception of limited user-specific application configuration
settings.

Platform as a Service (PaaS): the capability provided to
the consumer 1s to deploy onto the cloud infrastructure
consumer-created or acquired applications created using
programming languages and tools supported by the provider.
The consumer does not manage or control the underlying
cloud infrastructure including networks, servers, operating
systems, or storage, but has control over the deployed
applications and possibly application hosting environment
configurations.

Infrastructure as a Service (IaaS): the capability provided
to the consumer 1s to provision processing, storage, net-
works, and other fundamental computing resources where
the consumer 1s able to deploy and run arbitrary software,
which can include operating systems and applications. The
consumer does not manage or control the underlying cloud
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infrastructure but has control over operating systems, stor-
age, deployed applications, and possibly limited control of
select networking components (e.g., host firewalls).

Deployment Models are as follows:

Private cloud: the cloud infrastructure i1s operated solely
for an organization. It may be managed by the organization
or a third party and may exist on-premises or ofl-premises.

Community cloud: the cloud infrastructure i1s shared by
several organizations and supports a specific community that
has shared concerns (e.g., mission, security requirements,
policy, and compliance considerations). It may be managed
by the organizations or a third party and may exist on-
premises or ofl-premises.

Public cloud: the cloud infrastructure 1s made available to
the general public or a large industry group and 1s owned by
an organization selling cloud services.

Hybrd cloud: the cloud infrastructure 1s a composition of
two or more clouds (private, community, or public) that
remain unique entities but are bound together by standard-
1zed or proprietary technology that enables data and appli-
cation portability (e.g., cloud bursting for load-balancing
between clouds).

A cloud computing environment 1s service oriented with
a focus on statelessness, low coupling, modularity, and
semantic interoperability. At the heart of cloud computing 1s
an infrastructure that includes a network of interconnected
nodes.

Retferring now to FIG. 4, illustrative cloud computing
environment 50 1s depicted. As shown, cloud computing
environment 50 includes one or more cloud computing
nodes 10 with which local computing devices used by cloud
consumers, such as, for example, personal digital assistant
(PDA) or cellular telephone 34A, desktop computer 54B,
laptop computer 34C, and/or automobile computer system
54N may communicate. Nodes 10 may communicate with
one another. They may be grouped (not shown) physically or
virtually, 1n one or more networks, such as Private, Com-
munity, Public, or Hybrid clouds as described hereinabove,
or a combination thereof. This allows cloud computing
environment 50 to ofler infrastructure, platforms and/or
soltware as services for which a cloud consumer does not
need to maintain resources on a local computing device. It
1s understood that the types of computing devices 54A-N
shown 1n FIG. 4 are intended to be illustrative only and that
computing nodes 10 and cloud computing environment 50
can communicate with any type of computerized device over
any type ol network and/or network addressable connection
(e.g., using a web browser).

Referring now to FIG. 3, a set of functional abstraction
layers provided by cloud computing environment 50 (FIG.
4) 1s shown. It should be understood in advance that the
components, layers, and functions shown i FIG. § are
intended to be illustrative only and embodiments of the
invention are not limited thereto. As depicted, the following
layers and corresponding functions are provided:

Hardware and software layer 60 includes hardware and
soltware components. Examples of hardware components
include: mainirames 61; RISC (Reduced Instruction Set
Computer) architecture based servers 62; servers 63; blade
servers 64; storage devices 65; and networks and networking
components 66. In some embodiments, soltware compo-
nents 1nclude network application server software 67 and
database software 68.

Virtualization layer 70 provides an abstraction layer from
which the following examples of virtual entities may be
provided: wvirtual servers 71; virtual storage 72; virtual
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networks 73, including virtual private networks; virtual
applications and operating systems 74; and virtual clients
75.

In one example, management layer 80 may provide the
functions described below. Resource provisioning 81 pro-
vides dynamic procurement of computing resources and
other resources that are utilized to perform tasks within the
cloud computing environment. Metering and Pricing 82
provide cost tracking as resources are utilized within the
cloud computing environment, and billing or invoicing for
consumption ol these resources. In one example, these
resources may include application software licenses. Secu-
rity provides 1dentity verification for cloud consumers and
tasks, as well as protection for data and other resources. User
portal 83 provides access to the cloud computing environ-
ment for consumers and system administrators. Service level
management 84 provides cloud computing resource alloca-
tion and management such that required service levels are
met. Service Level Agreement (SLA) planning and fulfill-
ment 85 provide pre-arrangement for, and procurement of,
cloud computing resources for which a future requirement 1s
anticipated 1n accordance with an SLA.

Workloads layer 90 provides examples of functionality
tor which the cloud computing environment may be utilized.
Examples of workloads and functions which may be pro-
vided from this layer include: mapping and navigation 91;
soltware development and lifecycle management 92; virtual
classroom education delivery 93; data analytics processing
94 transaction processing 93; and generating a simulated
visual field test 96.

It 1s understood that the present disclosure 1s capable of
being implemented 1n conjunction with any other type of
computing environment now known or later developed. For
example, FIG. 6 depicts a block diagram of a processing
system 600 for implementing the techniques described
herein. In examples, the processing system 600 has one or
more central processing units (processors) 621a, 6215, 621c,
etc. (collectively or generically referred to as processor(s)
621 and/or as processing device(s)). In aspects of the present
disclosure, each processor 621 can include a reduced
istruction set computer (RISC) microprocessor. Processors
621 are coupled to system memory (e.g., random access
memory (RAM) 624) and various other components via a
system bus 633. Read only memory (ROM) 622 1s coupled
to system bus 633 and may include a basic mput/output
system (BIOS), which controls certain basic functions of the
processing system 600.

Further depicted are an input/output (I/0) adapter 627 and
a network adapter 626 coupled to the system bus 633. I/O
adapter 627 may be a small computer system interface
(SCSI) adapter that communicates with a hard disk 623
and/or a storage device 625 or any other similar component.
I/0 adapter 627, hard disk 623, and storage device 625 are
collectively referred to herein as mass storage 764. Operat-
ing system 640 for execution on processing system 600 may
be stored in mass storage 634. The network adapter 626
interconnects system bus 633 with an outside network 636
enabling processing system 600 to communicate with other
such systems.

A display (e.g., a display monitor) 6335 1s connected to the
system bus 633 by display adapter 632, which may include
a graphics adapter to improve the performance of graphics
intensive applications and a video controller. In one aspect
of the present disclosure, adapters 626, 627, and/or 632 may
be connected to one or more 1/0 buses that are connected to
the system bus 633 via an intermediate bus bridge (not
shown). Suitable I/O buses for connecting peripheral
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devices such as hard disk controllers, network adapters, and
graphics adapters typically include common protocols, such
as the Peripheral Component Interconnect (PCI). Additional
input/output devices are shown as connected to system bus
633 via user intertace adapter 628 and display adapter 632.
An 1nput device 629 (e.g., a keyboard, a microphone, a
touchscreen, etc.), an iput pointer 630 (e.g., a mouse,
trackpad, touchscreen, etc.), and/or a speaker 631 may be
interconnected to system bus 633 via user interface adapter
628, which may include, for example, a Super I/O chip
integrating multiple device adapters into a single integrated
circuit

In some aspects of the present disclosure, the processing
system 600 includes a graphics processing unit 637. Graph-
ics processing unit 637 1s a specialized electronic circuit
designed to manipulate and alter memory to accelerate the
creation of 1images in a frame bufler mntended for output to
a display. In general, graphics processing unit 637 1s very
eilicient at manipulating computer graphics and 1image pro-
cessing and has a highly parallel structure that makes 1t more
cllective than general-purpose CPUs for algorithms where
processing of large blocks of data 1s done 1n parallel.

Thus, as configured herein, the processing system 600
includes processing capability in the form of processors 621,
storage capability including system memory (e.g., RAM
724), and mass storage 634, input means such as keyboard
629 and mouse 630, and output capability including speaker
631 and display 635. In some aspects of the present disclo-
sure, a portion of system memory (e.g., RAM 724) and mass
storage 634 collectively store the operating system 640 to
coordinate the functions of the various components shown 1n
the processing system 600.

Various embodiments of the invention are described
herein with reference to the related drawings. Alternative
embodiments of the invention can be devised without
departing from the scope of this invention. Various connec-
tions and positional relationships (e.g., over, below, adja-
cent, etc.) are set forth between elements in the following
description and 1n the drawings. These connections and/or
positional relationships, unless specified otherwise, can be
direct or indirect, and the present invention 1s not intended
to be limiting in this respect. Accordingly, a coupling of
entities can refer to either a direct or an 1ndirect coupling,
and a positional relationship between entities can be a direct
or indirect positional relationship. Moreover, the various
tasks and process steps described herein can be incorporated
into a more comprehensive procedure or process having
additional steps or functionality not described in detail
herein.

One or more of the methods described herein can be
implemented with any or a combination of the following
technologies, which are each well known in the art: a
discrete logic circuit(s) having logic gates for implementing
logic functions upon data signals, an application specific
integrated circuit (ASIC) having appropriate combinational
logic gates, a programmable gate array(s) (PGA), a field
programmable gate array (FPGA), efc.

For the sake of brevity, conventional techniques related to
making and using aspects of the invention may or may not
be described 1n detail herein. In particular, various aspects of
computing systems and specific computer programs to
implement the various technical features described herein
are well known. Accordingly, 1n the interest of brevity, many
conventional implementation details are only mentioned
briefly herein or are omitted entirely without providing the
well-known system and/or process details.
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In some embodiments, various functions or acts can take
place at a given location and/or in connection with the
operation of one or more apparatuses or systems. In some
embodiments, a portion of a given function or act can be
performed at a first device or location, and the remainder of
the function or act can be performed at one or more
additional devices or locations.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be

limiting. As used herein, the singular forms *“a”, “an” and

“the” are imntended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises” and/or “comprising,”
when used 1n this specification, specily the presence of
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
clement components, and/or groups thereof.

The corresponding structures, materials, acts, and equiva-
lents of all means or step plus function elements in the
claims below are intended to include any structure, material,
or act for performing the function 1n combination with other
claimed elements as specifically claimed. The present dis-
closure has been presented for purposes of illustration and
description, but 1s not intended to be exhaustive or limited
to the form disclosed. Many modifications and variations
will be apparent to those of ordinary skill 1n the art without
departing from the scope and spirit of the disclosure. The
embodiments were chosen and described 1n order to best
explain the principles of the disclosure and the practical
application, and to enable others of ordinary skill 1n the art
to understand the disclosure for various embodiments with
vartous modifications as are suited to the particular use
contemplated.

The diagrams depicted herein are illustrative. There can
be many variations to the diagram or the steps (or opera-
tions) described therein without departing from the spirit of
the disclosure. For instance, the actions can be performed in
a differing order or actions can be added, deleted or modi-
fied. Also, the term “coupled” describes having a signal path
between two elements and does not imply a direct connec-
tion between the elements with no intervening elements/
connections therebetween. All of these variations are con-
sidered a part of the present disclosure.

The following definitions and abbreviations are to be used
for the interpretation of the claims and the specification. As
used herein, the terms “comprises,” “comprising,”
“includes,” “including,” *“has,” “having,” “contains” or
“containing,” or any other varnation thereof, are imtended to
cover a non-exclusive inclusion. For example, a composi-
tion, a mixture, process, method, article, or apparatus that
comprises a list of elements 1s not necessarily limited to only
those elements but can include other elements not expressly
listed or inherent to such composition, mixture, process,
method, article, or apparatus.

Additionally, the term “exemplary” 1s used herein to mean
“serving as an example, instance or illustration.” Any
embodiment or design described herein as “exemplary™ 1s
not necessarily to be construed as preferred or advantageous
over other embodiments or designs. The terms “at least one”
and “one or more” are understood to include any integer
number greater than or equal to one, 1.€. one, two, three,
four, etc. The terms ““a plurality” are understood to 1nclude
any integer number greater than or equal to two, 1.e. two,
three, four, five, etc. The term “connection” can include both
an indirect “connection” and a direct “connection.”
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The terms “about,” “substantially,” “approximately,” and
variations thereof, are intended to include the degree of error
associated with measurement of the particular quantity
based upon the equipment available at the time of filing the
application. For example, “about” can include a range of
+8% or 5%, or 2% of a given value.

The present mnvention may be a system, a method, and/or
a computer program product at any possible technical detail
level of mtegration. The computer program product may
include a computer readable storage medium (or media)
having computer readable program instructions thereon for
causing a processor to carry out aspects of the present
ivention.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but 1s not limited to, an
clectronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium 1ncludes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
1s not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program 1nstructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface 1 each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage i a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, con-
figuration data for integrated circuitry, or etther source code
or object code written 1 any combination of one or more
programming languages, including an object oriented pro-
gramming language such as Smalltalk, C++, or the like, and
procedural programming languages, such as the “C” pro-
gramming language or similar programming languages. The
computer readable program instructions may execute
entirely on the user’s computer, partly on the user’s com-
puter, as a stand-alone software package, partly on the user’s
computer and partly on a remote computer or entirely on the
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remote computer or server. In the latter scenario, the remote
computer may be connected to the user’s computer through
any type of network, including a local area network (LAN)
or a wide area network (WAN), or the connection may be
made to an external computer (for example, through the
Internet using an Internet Service Provider). In some
embodiments, electronic circuitry including, for example,
programmable logic circuitry, field-programmable gate
arrays (FPGA), or programmable logic arrays (PLA) may
execute the computer readable program instruction by uti-
lizing state information of the computer readable program
instructions to personalize the electronic circuitry, 1n order to
perform aspects of the present invention.

Aspects of the present invention are described herein with
reference to flowchart 1llustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks 1n the
flowchart 1llustrations and/or block diagrams, can be 1imple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the tlowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function 1n a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified 1n the flowchart and/or block diagram block or

blocks.

The computer readable program 1nstructions may also be
loaded onto a computer, other programmable data process-

ing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer 1mple-
mented process, such that the mstructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified 1n the flow-
chart and/or block diagram block or blocks.

The tflowchart and block diagrams in the Figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or
portion of 1nstructions, which comprises one or more
executable instructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted in the blocks may occur out of the order
noted 1n the Figures. For example, two blocks shown in
succession may, 1n fact, be executed substantially concur-
rently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality imnvolved. It
will also be noted that each block of the block diagrams
and/or flowchart illustration, and combinations of blocks in
the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems
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that perform the specified functions or acts or carry out
combinations of special purpose hardware and computer
instructions.

The descriptions of the various embodiments of the
present invention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found i1n the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
described herein.

What 1s claimed 1s:

1. A computer-implemented method comprising:

processing, by a processor, eye 1mage data to extract

visual functioming related features;

generating, by the processor, a representation of a visual

function of the eye that 1s independent of a visual field
test (VFT) configuration; and

generating, by the processor, a simulated VFT configu-

ration specific test result based at least in part on the
representation.

2. The computer-implemented method of claim 1,
wherein the VFT configuration comprises a VET device type
or a VFT device setting.

3. The computer-implemented method of claim 1,
wherein the VFT configuration comprises a VET.,

4. The computer-implemented method of claim 1, further
comprising;

interfacing with a wvisual field testing software on a

computing system; and

providing the simulated device specific test result 1n a

format similar to a format generated by the visual field
testing software.

5. The computer-implemented method of claim 1,
wherein the eye image data was obtained using optical
coherence tomography.

6. The computer-implemented method of claim 1,
wherein the VFT configuration specific test result 1s gener-
ated by a decoder of a plurality of decoders.

7. The computer-implemented method of claim 6 further
comprising;

recerving a selection of a VFT configuration; and

selecting the decoder of the plurality of decoders based on

the selection.

8. A system comprising;:

a memory having computer readable mstructions; and

one or more processors for executing the computer read-

able instructions, the computer readable instructions

controlling the one or more processors to perform

operations comprising:

processing eye image data to extract visual functioning
related features;

generating a representation of a visual function of the
eye that 1s independent of a visual field test (VFT)
configuration; and

generating a simulated VET configuration specific test
result based at least in part on the representation.

9. The system of claim 8, wherein the VFT configuration
comprises a VFT device type or a VFT device setting.

10. The system of claim 8, wherein the VFT configuration
comprises a VFT.
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11. The system of claim 8, the operations further com-
prising:

interfacing with a visual field testing software on a
computing system; and

providing the simulated device specific test result 1n a
format similar to a format generated by the visual field
testing soltware.

12. The system of claim 8, wherein the eve image data

was obtained using optical coherence tomography.

13. The system of claim 8, wherein the VFT configuration
specific test result 1s generated by a decoder of a plurality of
decoders.

14. The computer-implemented method of claim 13, the
operations further comprising;:

receiving a selection of a VFT configuration; and

selecting the decoder of the plurality of decoders based on

the selection.

15. A computer program product comprising a computer
readable storage medium having program instructions
embodied therewith, the program instructions executable by
a processor to cause the processor to perform operations
comprising;

processing eye 1mage data to extract visual functioning

related features:
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generating a representation of a visual function of the eye
that 1s independent of a visual field test (VFT) con-
figuration; and

generating a simulated VFT configuration specific test

result based at least in part on the representation.

16. The computer program product of claim 135, wherein
the VFT configuration comprises a VFT device type or a
VFE'T device setting.

17. The computer program product of claim 135, wherein
the VFT configuration comprises a VET.

18. The computer program product of claim 15, the
operations further comprising:

interfacing with a wvisual field testing software on a

computing system; and

providing the simulated device specific test result 1n a

format similar to a format generated by the visual field
testing solftware.

19. The computer program product of claim 15, wherein
the eye image data was obtained using optical coherence
tomography.

20. The computer program product of claim 15, wherein
the VF'T configuration specific test result 1s generated by a
decoder of a plurality of decoders.
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